After the recent approval by the Italian Space Agency (ASI) of the LARES mission, which will be launched at the end of 2008 by a VEGA rocket to measure the general relativistic gravitomagnetic Lense-Thirring by combining LARES data with those of the existing LAGEOS and LAGEOS II satellites, it is of the utmost importance to assess if the claimed accuracy 1% will be realistically obtainable. The main source of systematic error is the mismodelling δJ in the even zonal harmonic coefficients J , = 2, 4, 6, .. of the multipolar expansion of the classical part of the terrestrial gravitational potential; such a bias crucially depends on the orbital configuration of LARES. If for δJ the difference between the best estimates of different Earth's gravity solutions is taken instead of optimistically considering the statistical covariance sigmas of each model separately, as done so far in literature, it turns out that, since LARES will be likely launched in a low-orbit (semimajor axis a 7600 km), the bias due to the geopotential is up to 1-2 orders of magnitude larger than what claimed.
Introduction
The Italian Space Agency (ASI) recently made the following official announcement (http://www.asi.it/SiteEN/Default.aspx): "On February 8, the ASI board approved funding for the LARES mission, that will be launched with VEGAs maiden flight before the end of 2008. LARES is a passive satellite with laser mirrors, and will be used to measure the Lens-Thirring effect." The italian version of the announcement yields some more information specifying that LARES, designed in collaboration with National Institute of Nuclear Physics (INFN), is currently under construction by Carlo Gavazzi Space SpA; its Principal Investigator (PI) is I. Ciufolini and its scientific goal is to measure at a 1% level the general relativistic gravitomagnetic Lense-Thirring effect (Lense and Thirring, 1918) , known also as frame-dragging, in the gravitational field of the Earth.
After what recently happened with the much more expensive Gravity Probe B (GP-B) (Everitt, 1974; Everitt et al, 2001) , which should have measured another gravitomagnetic effect in the terrestrial gravitational field, i.e. the Schiff precession (Schiff, 1960) of four gyroscopes carried onboard at an accuracy much worse than the expected 1% or less 1 , the success of the cheaper LARES mission would be of great scientific significance. Unfortunately, the reality seems to be quite different, being LARES destined to be an announced failure.
The major source of systematic uncertainty in such kind of satellitebased measurements is represented by the impact of the static part of the even ( = 0) zonal (m = 0) harmonic coefficients J of the multipolar expansion of the classical part of the terrestrial gravitational potential (Kaula, 1966) which induce noising effects having the same signature of the relativistic secular precessions of the satellite's node Ω and a much larger amplitude. Minimizing such a bias is of crucial importance and it strongly depends on the orbital parameters of LARES, especially the semimajor axis a and the inclination i to the Earth's equator. When it was proposed for the first time in 1986 (Ciufolini, 1986 ) LARES had the same semimajor axis of the existing LAGEOS satellite (a = 12270 km) and inclination supplementary to LAGEOS (i LAGEOS = 110 deg, i LARES = 70 deg); such a configuration would have allowed to use the sum of the nodes of both satellites enhancing the Lense-Thirring signal and cancelling out, at least in principle, the competing effect of all the even zonals. The advent of recent models of the Earth's gravity field by the dedicated missions CHAMP (http://www.gfzpotsdam.de/pb1/op/champ/index CHAMP.html) and GRACE (http://www.gfzpotsdam.de/pb1/op/grace/index GRACE.html) and the idea of combining LARES data with those of LAGEOS and LAGEOS II (Iorio et al, 2002; Iorio, 2005) , according to an idea put forth in (Ciufolini, 1996) , suggested to abandon the original stringent requirements allowing for a lower orbit and a less narrow range for the inclination (Iorio, 2005) .
No details at all are released concerning the orbit in which LARES will be finally injected: by the way, ASI website 2 says about VEGA that: "[...] VEGA can place a 15.000 kg satellite on a low polar orbit, 700 km from the Earth. By lowering the orbit inclination it can launch heavier payloads, whereas diminishing the payload mass it can achieve higher orbits. [...]" In the latest communication to INFN, Rome, 30 January 2008, (http://www.infn.it/indexit.php) I. Ciufolini writes that LARES will be launched with a semimajor axis of approximately 7600 km and an inclination between 60 and 80 deg.
As we will see, a detailed and realistic evaluation of the impact of the bias due to the geopotential shows that such a low-orbit configuration would not allow to reduce such a systematic noise below the 1% level being, instead, 1-2 orders of magnitude larger. The crucial point resides in how the error due to the even zonals has been evaluated so far.
A realistic evaluation of the systematic bias due
to the even zonal harmonics of the geopotential The Lense-Thirring effect consists of a tiny secular precession of the node Ω of a the orbit of a satellite moving around a central slowly rotating masṡ
where G is the Newtonian constant of gravitation, J is the spin angular momentum of the central body, a and e are the semimajor axis and the eccentricity, respectively, of the satellite orbit. For the LAGEOS satellites it amounts to about 30 milliarcseconds per year (mas yr −1 ). The observable to be used to measure it is the following linear combination of the nodes (Iorio, 2005 ) Ω of LAGEOS, LAGEOS II and LARES
δΩ is an Observed-minus-Calculated (O-C) quantity for the satellites' nodes to be observationally constructed by processing the laser-ranging data without modelling the gravitomagnetic force. It accounts, among other things, for all the unmodelled (like the Lense-Thirring effect itself) or mismodelled dynamical effects affecting the spacecraft nodes being equal to
where ∆ represents all the classical mismodelled/unmodelled effects of gravitational and non-gravitational origin. The combined Lense-Thirring signature, which is expected to be present in the signal of eq. (2), is
in general relativity µ = 1. The coefficients c 1 and c 2 entering eq. (2) and eq. (4) are defined as
The quantities entering eq. (5) are defined, for the satellite x, aṡ
whereΩ
is the classical node precession (Kaula, 1966) induced by the even ( = 2, 4, 6, ...) zonal (m = 0) harmonic coefficients 3 J of the multipolar expansion of the Newtonian part of the terrestrial gravitational potential; for example, for = 2 we havė
where R is the equatorial radius of the central body of mass M and n = GM/a 3 is the satellite's Keplerian mean motion. The coefficientsΩ x . , and thus also c 1 and c 2 , are functions of the semimajor axis a, the eccentricity e and the inclination i of the satellite x. The combination of eq. (2), along with eq. (5), is designed, by construction, to cancel out the mismodelled parts δJ 2 and δJ 4 of the static and time-varying components of the first two even zonals, being affected by all the other ones of higher degree δJ 6 , δJ 8 , ... The evaluation of the systematic percent error δµ due to the geopotential has been so far performed (Iorio et al, 2002; Iorio, 2003 Iorio, , 2005 
by taking the covariance sigmas (more or less accurately calibrated) σ C 0 of a given Earth's gravity solution and using them for the uncertainty δJ in the even zonals; in this way it has been always said that model X yields a total error x%, model Y yields a total error y% and so on. See, e.g., Table 1 for the EIGEN-CG03C solution. It is precisely such an approach that induced people to thinking that combining LARES as in eq. (2) would allow to use a cheaper low-orbit configuration. A much more realistic approach consists, instead, in taking for δJ the differences (Lerch et al, 1994) ∆C 0 = |C 0 (X) − C 0 (Y )| between the best estimates of the model X and the model Y , which in many cases, are significantly larger than the sum of the sigmas σ C 0 (X) + σ C 0 (Y ). This has been done in Table 2 for several published models 4 obtained by different institutions from the data of CHAMP, GRACE and terrestrial ground-based measurements, often combining them together. It has been decided to use for LARES a = 7600 km and three different values for the inclination: i = 60, 70, 80 deg. As can be noted, claiming a bias 1% is highly unrealistic. If we take into account also the models based only on CHAMP data the situation is even less favorable, as shown by the last rows of Table 2 . The situation is graphically depicted in Figure 1 (in which no CHAMP-only models are present).
Analogous analyses conducted for a = 7000 km and i = 89, 91 deg, which corresponds to the most likely orbital configuration allowed by VEGA, show a neat worsening, as shown by Table 3 . In Figure 2 we depict the situation Table 2 : Systematic percent error δµ in the measurement of the Lense-Thirring effect with the combination of eq. (2) according to eq. (9) and the difference ∆C 0 among the best estimates for the even zonal coefficients for several Earth's gravity solutions for different values of the inclination i of LARES (a = 7600 km, e = 0.001). See also Figure 1 
Figure 1: Systematic percent error δµ due to the even zonal harmonics for a = 7600 km, e = 0.001, 60 deg ≤ i ≤ 80 deg according to several Earth's gravity models. The uncertainty δJ has been evaluated by taking the differences of the best estimates of the even zonals for various pairs of models. No CHAMP-only models have been considered. Table 3 : Systematic percent error δµ in the measurement of the Lense-Thirring effect with the combination of eq. (2) according to eq. (9) and the difference ∆C 0 among the best estimates for the even zonal coefficients of several Earth gravity solutions (including GRACE-only, CHAMP-only and CHAMP/GRACE combined models) for a nearly-polar orbital configuration of LARES (a = 7000 km, e = 0.001). See also Figure 2 .
for a = 7000 km, e = 0.001, 85 deg ≤ i ≤ 89 deg; no CHAMP-only Earth gravity models have been included. The only valid solution would be to use the originally proposed orbital configuration for LARES (a = 12270 km, i = 70 deg), as shown by Table 4 and Figure 3 ; as can be noted, for a deviation of 1 deg from the optimal choice i = 70 deg the systematic error would be 4% at most when CHAMP-only models have been considered. (2) according to eq. (9) and the difference ∆C 0 among the best estimates for the even zonal coefficients of several Earth gravity solutions (including GRACE-only, CHAMP-only and CHAMP/GRACE combined models) for the originally proposed configuration of LARES (a = 12270 km, e = 0.001, i ≈ 70 deg). For i = 70 deg δµ 0.01% and has been represented by −. See also Figure 3 . 
Conclusions
In this paper we have calculated the systematic error due to the even zonal harmonics of the geopotential on the measurement of the Lense-Thirring effect to be performed with the existing LAGEOS and LAGEOS II satellites along with the recently approved LARES, which will be launched at the end of 2008 by ASI with a VEGA rocket. By taking the differences between several Earth's gravity solutions instead of optimistically considering the statistical covariance sigmas of each model separately, as done so far, we have shown that, with the orbital configuration of LARES which will be likely implemented by such a mission (a = 7600 km, 60 deg ≤ i ≤ 80 deg), the claim of reducing the impact of the mismodelling in the even zonals at a 1% level is highly unrealistic, being it up to 1-2 orders of magnitude larger. Should a nearly polar, lower-orbit (a = 7000 km, i ≈ 90 deg) is implemented, all the figures would get even worse. Only the originally proposed LARES configuration (a = 12270 km, i = 70 deg) would damp the systematic geopotential error to a few percent level. In conclusion, the ongoing LARES mission, as it seems it will be implemented, appears as an announced failure with respect to the expectations.
